Objectives To determine the characteristics of popular breast cancer related websites and whether more popular sites are of higher quality. Design The search engine Google was used to generate a list of websites about breast cancer. Google ranks search results by measures of link popularity-the number of links to a site from other sites. The top 200 sites returned in response to the query "breast cancer" were divided into "more popular" and "less popular" subgroups by three different measures of link popularity: Google rank and number of links reported independently by Google and by AltaVista (another search engine). Main outcome measures Type and quality of content. Results More popular sites according to Google rank were more likely than less popular ones to contain information on ongoing clinical trials (27% v 12%, P = 0.01 ), results of trials (12% v 3%, P = 0.02), and opportunities for psychosocial adjustment (48% v 23%, P < 0.01). These characteristics were also associated with higher number of links as reported by Google and AltaVista. More popular sites by number of linking sites were also more likely to provide updates on other breast cancer research, information on legislation and advocacy, and a message board service. Measures of quality such as display of authorship, attribution or references, currency of information, and disclosure did not differ between groups. Conclusions Popularity of websites is associated with type rather than quality of content. Sites that include content correlated with popularity may best meet the public's desire for information about breast cancer.
Introduction
Recent surveys show that 40-54% of patients access medical information via the internet and that this information affects their choice of treatment. [1] [2] [3] [4] [5] Although the quality of medical information on the world wide web has been an area of increasing concern, [6] [7] [8] [9] [10] [11] the factors that contribute to popularity of websites have not been systematically studied.
Understanding the determinants of website popularity has implications for clinicians and medical centres that recognise the need to provide information about themselves via the internet. Website designers who understand the information needs of the public can attract visitors to their site. Knowing what patients are investigating on the web may help clinicians to educate themselves and their patients.
Two measures of website popularity are "click popularity" and "link popularity."
12 Click popularity is the frequency with which users have visited (clicked on) a site. 13 Although some search engines, such as Direct Hit, measure click popularity, this information is not publicly available for a large number of websites. Furthermore, click popularity is subject to artificial marketing manipulations.
14 Link popularity, which is less susceptible to manipulation, 15 relies on links from sites to other sites rather than on statistics about usage. High link popularity is thought to dramatically increase traffic to a site. 16 Link popularity, sometimes referred to as "peer review popularity," has been proposed as an objective way of identifying high quality websites. [17] [18] [19] Google ranks results of searches by using a proprietary link popularity algorithm that takes into account the number of links and the "importance" of the linking sites. 15 17 Breast cancer is one of the most common health related search topics among users of the internet. 20 Previous studies have evaluated use of the internet by women with breast cancer and the quality of selected sites. 10 21 22 A recent study found information about breast cancer on the web to be more complete and accurate than for other conditions. 22 We are not aware, however, of work that attempts to determine what makes some sites more popular than others. The purpose of our study was to identify the determinants of link popularity of websites about breast cancer and to test the hypothesis that more popular sites are of higher quality. 
Methods

Selection of websites
Determination of popularity
Because there is no standard way to assess link popularity, we used three different measures: Google rank and number of links reported by Google and by AltaVista (on www.altavista.com). Of the top 200 sites returned by Google, we defined the first 100 (Google rank 1-100) as "more popular" and the second 100 (Google rank 101-200) as "less popular." We obtained the number of links in Google and AltaVista by entering each site's universal resource locator (URL) into the search string "link:URL".
Google provided the number of linking sites for 162 sites and AltaVista for 148 sites. We excluded from analysis any sites for which the number of links was not available. The median number of links was 51 according to Google and 21 according to AltaVista. We considered sites with a number of links greater than the median to be "more popular" and sites with fewer links to be "less popular." To assess whether popular sites were displayed by multiple search engines, we repeated the search on four search engines often used by patients: Yahoo (categorical), Excite, AltaVista, and Infoseek. 4 
Evaluation of websites
A breast oncologist (FM) evaluated the sites within four weeks of the original search. Links within each site were pursued until all medical information about breast cancer was evaluated. A median of four pages (range 1-11) were evaluated for each site. Type and quality of content were recorded. Affiliation was determined on the basis of the information provided by the site. Sites were divided into professional (government, universities, major medical centres), non-profit organisation, and commercial (all others).
We assessed quality of content by criteria known as the "JAMA benchmarks" 6 : display of authorship of medical content; source (attribution or references); date of update; and disclosure of ownership, sponsorship, advertising policies, or conflicts of interest. We also documented whether each site displayed its webmaster's email address or a Health on the Net (www.hon.ch/) seal. Health on the Net is a non-profit foundation with an eight point code of conduct for sites providing health information. 23 Sites that comply with the Health on the Net code are allowed to display the seal, but continued compliance is not systematically enforced.
Analysis
We used Pearson 2 analysis to compare more popular and less popular websites. We performed separate analyses for each of the three measures of link popularity. We considered groups to be significantly different if P<0.05 in at least two of three analyses. Table 1 lists the characteristics of the top 184 accessible sites returned by Google. Twenty seven (15%) provided medical facts on the site as well as through links to other sites, and 125 (68%) had medical facts displayed at the website only. Table 2 shows the medical facts displayed in this second group of websites. Table 3 shows indicators of quality. Of the 184 sites, 105 (57%) displayed some evidence of authorship, but only 32 (17%) displayed the name, qualifications, and institutional affiliation of the author. Sixteen (9%) of sites had all four JAMA benchmarks (authorship, references, currency, and disclosure), 48 (26%) had three, 68 (37%) had two, 43 (23%) had one, and 9 (5%) had none. Forty five sites (25%) displayed a disclaimer that the information provided should not substitute for consultation with a physician.
Results
Website characteristics
A Health on the Net seal was displayed on 27 (15%) sites. Commercial sites were more likely than sites of professional groups or of organisations to display the 
Determinants of popularity
Type of content differed significantly between more popular and less popular websites (table 4). Sites that were more popular by at least two of three popularity measures were more likely to contain information about ongoing clinical trials, results of randomised clinical trials, results of other breast cancer research, information on legislation and advocacy, and information on opportunities for psychosocial adjustment and to allow interaction through a message board service.
We then evaluated differences in the topics of medical facts presented between the more popular and less popular sites (table 2) . This analysis was carried out only for the 125 sites that displayed medical information. More popular sites were more likely to discuss breast reconstruction-15/57 (26%) v 8/68 (12%) by Google rank (P = 0.037), 15/51 (29%) v 5/57 (9%) by number of links in Google (P = 0.002), and 16/50 (32%) v 6/48 (13%) by number of links in AltaVista (P = 0.018)-and psychology topics such as depression-11/51 (21%) v 1/57 (2%) by number of links in Google (P = 0.001) and 11/50 (22%) v 1/48 (2%) by number of links in AltaVista (P = 0.002).
More popular and less popular websites did not differ in any of the quality measures studied (table 4) . Furthermore, the presence of inaccurate information did not differ between more popular and less popular sites.
Evaluation of popularity measures
We evaluated the concordance between our measures of popularity. The median number of linking sites as measured by Google and AltaVista was significantly higher for sites that were more popular by Google rank than for less popular sites (Google: 82 v 21, P < 0.001; AltaVista: 48 v 10, P < 0.001). The number of links as measured by Google strongly correlated with the number of links as measured by AltaVista (Pearson coefficient 0.806, P < 0.001).
We hypothesised that link popularity would correlate with a site being displayed by multiple search engines. Of the top 184 accessible sites displayed by Google, AltaVista displayed 24 (13%), Yahoo displayed 41 (22%), Infoseek displayed 58 (32%), and Excite displayed 84 (46%). Indeed, more popular sites were more likely than less popular sites to be displayed by multiple search engines ( To assess the correlation between click popularity and link popularity, we evaluated the top 10 sites returned by Direct Hit, which ranks sites based on click popularity and duration of visits. Nine of the 10 sites were in the top 200 by Google rank, eight were among the more popular sites by Google rank, and five were among the top 20 by Google rank.
Discussion
To meet the demand for health information on the web, it is important to identify the factors that influence popularity of websites. Our results show that type rather than quality of content determines popularity. To our knowledge, ours is the first study to assess the popularity as well as the quality and accuracy of health related websites.
We found that many breast cancer websites do not comply with the JAMA benchmarks, but we found higher compliance than previously reported. 10 11 This may reflect an improvement in quality of websites over the past few years or a difference between search engines used in the studies.
Since accessibility and ranking of websites vary with the search engine used, the overlap between Google and other search engines of only 13-46% is not surprising. We found that "more popular" sites were more likely to be displayed by multiple search engines. If a site is not displayed, it is unlikely to be visited by users of the internet; thus the more popular sites by our measures of link popularity should indeed be the more popular sites among users of the internet. Our finding that eight of the top 10 sites according to Direct Hit were among the more popular sites by Google rank also supports this assertion.
Our results confirm those of an earlier study that found no correlation between measures of quality and link popularity. 24 We may have selected higher quality sites by examining the top 200 of about 600 000 sites returned by Google. Significant differences in quality might have emerged if we had increased our sample size or compared the top 100 sites with sites of lower popularity, such as those ranked 1000-1100. Using less popular sites, however, would not have allowed us to correlate multiple measures of link popularity, as most sites would have no incoming links.
One limitation of our study is that we performed multiple comparisons. Another limitation is that a single reviewer (FM) assessed quality and accuracy. To mitigate this, we used objective criteria whenever possible. For example, we used the presence or absence of authorship information rather than author authority. Accuracy is inherently subjective, so our results should be confirmed by studies using a panel of experts. Multiple, non-expert reviewers, however, may not be better than a single expert reviewer.
In one survey, only 14% of patients expressed uncertainty about the accuracy of medical information on the web. 4 We found that higher quality sites contain more accurate information. Objective measures of quality may help lay users to assess online health information.
Self regulation has been advocated as a way of maintaining the quality of online medical content. Our finding that sites displaying a Health on the Net seal did not comply with the Health on the Net code emphasises the limitation of self regulation. It remains the responsibility of the medical community to ensure adequate quality of online medical content, to educate the public regarding quality measures, and to direct patients to sites of known quality.
Link popularity, which can be assessed automatically, has been proposed as an indirect measure of quality. 19 This is analogous to citation analysis, a somewhat controversial approach to measuring quality in the printed literature. Although link popularity may identify sites of interest, it does not correlate with quality of content. The growing number of users of the internet searching for health information indicates an unmet need for information. Understanding what patients are looking for on line may help us meet their need for health information.
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Accuracy of information on apparently credible websites: survey of five common health topics
Heinke Kunst, Diederik Groot, Pallavi M Latthe, Manish Latthe, Khalid S Khan
The internet provides an easily accessible forum to disseminate both accurate and inaccurate health information-so it has the potential to facilitate but also to jeopardise healthcare provision. 1 2 Many criteria have been alleged to capture the quality of health websites, 3 4 but the validity of these criteria needs to be examined. 5 The source, currency, and hierarchy of the evidence posted on a website may be used to judge its credibility-that is, the power of inspiring belief. If these criteria were fulfilled, the contents of the website would be expected to be accurate. We determined whether websites that seem to be credible provide accurate health information.
Methods and results
We determined the relation between credibility features and accuracy of contents of 121 websites that provided information on five common health topics: chronic obstructive pulmonary disease (23 sites), ankle sprain (36), emergency contraception (32), menorrhagia (9) , and female sterilisation (21) . These sites were identified either by searching each of the most commonly used engines (such as Altavista, Excite, Hotbot, Infoseek, Lycos, Northern Light, Webcrawler) or by simultaneously consulting them using a metasearch engine, Copernic 4.1 (www.copernic.com/). We selected English language websites whose content provided information about the topics. Website selection and data extractions were performed in duplicate, and agreement between the two assessors was high.
The entire contents of the selected websites were assessed for three credibility features (source, currency, and evidence hierarchy) and accuracy of contents. Source and currency are widely used to assess scientific credibility of a website. 3 4 The source of medical information is usually regarded as the main criterion for its credibility; sites should display the source of the information clearly. Currency is shown by websites that display the date of the original document or content posting on the internet, and that of any updates. We looked at the hierarchy of evidence posted on each website, examining whether the levels assigned to various pieces of information were related to their validity or methodological quality. This allows users to assess the strength of the recommendations being made. Our assessment showed that 113/121 (93%) websites described source, 59 (49%) currency, and 22 (18%) evidence hierarchy.
Accuracy of website contents was judged against rigorously developed, peer reviewed, and published guidelines for each of the five health topics (see table on bmj.com). The data on accuracy were extracted as a proportion of guideline statements included in the 
